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IITRODUCTION 
fh§ fliFtats %& &m ftp^lenltuy® mr® w®ta«, 
i f t ittts tet fimfWi ai8«s«#», ffet mm ©f ^hmiml plmt pwo^ 
tmtmtB to- eoii^t tkm% ptiti teM ifiir«as-«t gr«atly im wmmt 
ytars* ft# leag Hit ®f at&lMttt «i -pipattte-al ii«i»M@i4«i, 
®iia ftMifltltw l« tat^taslRf fapitli'm ©h#®S.®al 
afuthmlm' mw eei^twAt, %##%§ 
fletwaift® tfet p««t|@tSal sad p*@wlli rtfatiiDit aoti« of new 
f0ww3.atl®a».# Bmh ttstt mtrnt mlj the -p*®#® r««poai®« 
mt tix% #r©p plant, laiie mm @a tli® mud ptoyii* 
dlegi@ai wmpQmm %t tfct plsttt ,ti tg»«ati®X tm & f«ll m&mr*' 
stmaaiag &f tli« mtim ## tb#i# 
a® pf©«#iit stmir wt wiertstia t© iattstipit# tli« 
»@i*|jlaol©giiiai fteponsts mf tkwm flaat ©f smjor ®e©ii'0-» 
ai#. M-pmwtmm im tm& ft naiti# a relatiiPtXi' nm 
&hmlml "Iteat ha# mme fmim® a» a gr#w^li lahllsitor 
plaat 
ESfIW OF 
•S®li©@a® aai l©ff®aa %h&% msitie 
(Iffl) n t«p©t®ry' 'latiitoltiea ®f plast 
gi^wtfe (4S). -'M «ttiisiir# lltemtMrt km «towitl.at©d m%»9m 
ptjptainsng t« th« ®f W m& It® is:©#tlfel« ag^ 
.-rlis'iiltwiil. «€ mm-* fwpjfitr aad 0»ft» smg-
,f®sttd lilt m&« »f *1 ®s & in ©otlsea aT'tas 
wh«r« i3?®sfy CI.©)# Si.ty n©t#fi th&t reimg 
grass plmnti wtr® 'whereai tbs ©Id'^ #ott©ii piamtf 
wtF# a®t aff#©.t«A» fiiaif etttsa plant® W'tr® iamged. 
©tfa#?' ittttMa?® temf® tto aetloa @f MI 
it ,  gi),  
asd m-fif 4l»saii#t tk9 aad prsttiesl 
val'ii® 0f Ml a# s p'.einti Inhibitor (W), tii&ra®ttrl«®4 
th& .grtss 3?««p»8®' @f ®l#r« ©f plasts ant iadleaHfd 
tliat tlisr© ii ^ rtawrtofel# «Sji.llaritf la r«ip©»i® ®f 
ttta-eeetfltttRdmi «d dlcotyledon#mi plaiit#, fh9if al»© f#» 
port®d tbf flmmiBg ©f stftral Mmf 
m&m wlmts Mm l#@ii tn iiAiljlttd la grftwtli ©ar 
la s©m« @aaes tbi§ initi%itl©a li»i diitlaet ©tilfmaml ad» 
Yaiit»f«f» |4f) ant li'«dg»i (29) s»y W9qmim Xm$ trSm^ 
Mlnfi flwtri'iii a®y fe® tflay#d ISO),^, #f iplaasfe (gf) 
Slid littn®® ( § )  m f  . p r m m t ^ g  m &  § : m k m i m g  ©f 
iahl'bittt {S§). in ias tetea t«i S^w® ft@i*a.g«' 
0f- i#®« «r«pi. p®tat©ts, «t itt-tral m&t @mp& !»•« 
totta prwtittfft frm wt<» st#i?at® mrnmtima 
ip»jr ®f ffl (SI). 
Al@»i with III® 'iesirM «ffsots ©f iritlt III, 
IMS tff«iti BmU m staiitlaf, 
#f a^idsl rn^ime ®f g3P®wtfe sai 
i«feiefa©Bt mA tMt tif«l@fiient ©f l«af 
Mwr toniflpttew km^ r^mtM iiiMsgt ft plaa'ta, pai^-
tietil&rly in the'titClltti stags IS-, if I, »t al. 
s e f f r e  i t w t t a g  « . €  t m t  r n A i & m & t t m  ® f  
&m§ pluat®, v#r# lwi«t.ft ant »i»ab®p.tin| aat 
fn^ h90t m& wmm wttli a, amtii 
r«tm®et Mat# mwrn |i). Wi^Mm m€ alf® 
%hm% mm Immt ©f mgm beet seeiilagi ito©if«t foraatlT® af-
tmtM M&Hmtk reported that ffl #.«ms#.i « «®ss®tl.©H «f 
apieal st» ia. 0©tt#ii |34). W^lm m& $&wi9 atiitied . 
tli't @f W ©a .iwtf*!, «|A ifaewM ^liat tto®r® Is 
®jr ©f ttwiaal ®««8sti©a of 
®l©a^ti#ii, ®f iottraeial mM mbammmX &3i^mstm 
®.f itaTti (M)* 
lii-rsstigatlofig ®f tfe« »#g|»»iga &f ttot metiea ®f MS kiar® 
fe«®a .jffporttt W mtti&ra* Z80»hm$^ et ®3... F#p©Ft«i 
tteat «I ®a tbt ©f #»!©»• r®spi3?atl.®ii 
partial MmMmtim @f »# ©r ®©r# ©f ttoe €«li|w 
trogenaa## lafl©# mA .mlit that «B ,»a|r 
iMtmf@m wltii tilt .a#»al fHiiitl@ii tf fb«y 
fQiiai ttest wag iaklMttt lets in pm «4 mm roet 
ti^s tiaa IR »$§., ^m% m& Mritf i*®®t tip§ idf), 
&mmm%M0n hmi afttr ® 
§mi%$t m ai. f©mi tliat to 
Imvm 0ft®» l«t t® m ia aam^fyajain {§). Mellipatfti 
m '%m'^mm in «€ stai^h m l«air#8| 
attriMtit, I© a, #f pfol^wi (345., 1^1®!?^ 
that mm «3£8#t« m «a^ip- wUmh m$ Mentlfiad, ms m<^ms@ |5S). 
®t al.* f@«ii & i«#»s« la toa^i#y Mit an' m«» 
tww^&fieii @f-fwttgaR I'llh fewA s@»# iaelmtloa# 
In- th# itair«a @f pm .®t»tlliifi» fte® 4«i4i«i pr®i»mr 
r^fistattt %fp9 tf polysa«®M&^it-i^ as a 
iTisiilt. ©f tM« ®f m » 3f«4tis#t 
tim mte^ m M%h CfK^ 
l<©©p®14 8iit II®ta it*i;g«it®i that M w»f Ta# sa mti-* 
smxlm im)» Qmrlm, «t this 
m lffw®«a f,4*© W.. f t®y ®ttig#st'®i 
that i^'4-® »®y «t|ina,«t® tfpl®t.i®a.t iA«!».®®® M 
0®M®®i a®®iBBB«3.&tl©» 111). sat At®hls®ii 
»«%«€ that at the X pi?» l.®ir«l. &t W'^ oaion hvUhw pro-
4«©«€ mmf «®r® »tt® than th* ^kmk9.^ .iailoatliii » p®«s.llil® 
®tS«i3l«tiiif ®ff.®®t iMh 
m mtmB th® >1.6at fiadiiir thi*#«#t th# 2.®air«« m ro®t® 
atti th«ii li fftpiilr t© @f ffl®i»Sst.i»a-lle 
a@tiirity imh 'CteriPiir, ®t »!• imgg#st®4 ttoat 11 
tkt phl©«,^ In It sist 
tf«atwall:|- R«ij?©«li, ®iii mf fsy tfet 3L©#« @f 
apl®.al €@a|iisE## tllK Otfot# authors hiiirf a^ttt phi®#® ii«i* 
F®si» afttsp' II t34, 4^1, 
Qfmfti., «t sl« imgitfitit. that I® preteMir m 
If)* irialmth m&kiMm §hm9& that 11 iahlMtft 
i«t 0«il tlvlsl®! onion iem% tipi, .la 
t© th« #f »» i© @f th# wmlmB, 
@«3.1 .w rmt w»& »©-!«€ at 100 tf*# W' &% pf* th« uiifltA 
wm9 mlmhs^m th# ,r®fita m» t®iitlA«r®hly 
fherttnti iM)* toltaftta ripertet tot m 
$mppe& ait«»f4f $M Vii'ia mms *t high aad 
that, at Imnw @#ae#iitipati©as, ohrmmmm mm i^elKtis ia th# 
hft«»©thi^®®at|@ 'i-tilQas-* Am 'thst MI does a®t 
pi'oiti©.# a thm frm 
©Ihtr »§«!# I14K 
i3PfiiIa.®h ihowti tkAt no #f MI .itthlfeltti 
,gi»©^ ©f hmm »%•«»», lii€l@attRg that MI iahlhiti 
®«ll liat m&t ®«11 |tS). e®mpt©ii a©t«d 
th«t»ttft©r trmimmt with OT., giam yoet tip« hud dlffeapitti-
tlat«d alffl©it t® th» rmt tip,, and that a»i«tw»ti@ 
ttssm# was mlmmt mMmt, She fwthtip ftptrtsd th»t th» a«-» 
@l»i @f th« 6«H,« ,iR thiflt tips w«r# ihtw8]te«fi m€ th# @«U.« 
wiip« Slimota@y«r tli&t 
©f Matw tPtatii  with m 1ste©»t tfe« 
®«lls w%m tmifgm mA tM ip<>Rgr p»sa©hy» ©#lls wer^t ir@^r 
i®©s«lf with ls?i«p gfao®#* Sli;@ slso 
rii>©rli4 that dliliit«-g3»tl©ii @f ®iii©#®pl«tf was eewoa C4f). 
Killrath E©t®4 tiiAt 6©tt@a Itaftf fet©a»« tlii6ls#r aa4 l@ath,#ry.| 
•ant th® gi».®&t»«t p-fr©'«itag® ®f thi§km%m in %&•© pal-
iaai« and ip®agr a^i^sshfll 3.a|r'®i»s ••C34|-,, §mpTlm, «t al. mt^ 
that barler aai «©i»« terlttl© 
lewliif 11 • t?«ata®ot {X3.). 
ffe# •llt,t»fsEPi m m6X%i& tefdra-sitt ©eat&lai wmr 
fa@ts «©tt©«f«t,ing tilt- vmpmms #f &. grtst w&r%9%f &t ^lant® 
to m» Mmmm, -a© giaflt gp«i4#i Me hem ititAiit la t«tail 
iwlag th« 4fflp#i?ta»-t fhaiti. #f tbe plant* i ^©*lli fy©a p©«t*» 
4©i»8it •,toMl3^4tl0-ii t@ t'lii ftiirlf f#eilliif «%»§••. lb-is pims® 
iia«4» «xt«8ilf® i»-t3.atif«ir iiii-tlff«i»«Btlat®€ 
y®«fif |>3,attt» ar® teiwti t© 'bt •«©rt tmpmBir® t© m tliaii ©Idtr 
pl-aati* itmiy r^©3Pt#i' fetiP# mi w€«.i»ta&#a t© lows t if at® 
the a©i?pfeol®gi®al aat o|rt®^liiit©X@gi©&l. wmp^msm ®f ttee® 
,iia4©r' er©p ip#©i#« to *H t«*»iRi tbii mrly ytried ©f gjpowtfa. 
nmmtMm. MM isfioti 
ftot# ifttlif mm mM In tM« itrntr? ®at«, Ay.«gi. 
.fifttim U Sbtl^ri tlyeing »« Cl».) "r». 
aai. Mailt, a&y U ftll©* 'Atiit ijy^ii Qfeio S-iS» 
©x-irgtalliat Mlfif ^ai»&si€i 'CiS) w«4 ia ®ll tr©&*!«» 
mtats T^i imfplifi lh» iiwpitmik 0h®®i#al DiTiiioa ©f lii# 
f, S. 
Ssftf ©f tat* aad aftigf ¥«?'«• treat st % «®i&iiig fm m 
lidtirs St i® in g#l.ttti@tti, t# IB., ?r@10Rget i®m&iag 
&mim9lf r#dtt©'«a tte« germination iowwrtr., ®at-
iifa©t0iri' rtsmX-ti W9m obtained by rttrnfiaf %h$ soaking tin# 
t& 24 'ijttUPt, 0«e«tmti®lis ®f O.OiS, 0.§5, 0»1 Md 0.2 p«i^» 
©©lit vtr« as. will m tmmrnmt iro wattF, 
Mtw i©.«t:ing.| tM© ®t#ii mm9 gtraimattA hf me of tw® 
ii.®tliM8, S®a.®' w-wm plini,t0t i» fewr-iaftfe pots fill«i. 
witli a f«rtilis@A !.#»» ani pla#«4 km tii« fr«®ali©ms#» fte 
Qthmt st®ti w%m plmt^ '$m. h#!#-!. %h&p» a©»® in plaitl® 
S«Miliftii%i#.ii liiieti flae®t iat© & SO - 30® 0. 
g-eiwiaat03*. ©ailr @lJi«i?y&t.i.©ss wm% ani# m tti.« ^»iaatiiig 
@@f4» iii3?iiig .tmrlf s«ttl.iitg 4#T«l6pa«»t* 
3%m t.if-8 amt wm% tip® werm p^fi^^ieallj ©oll®^t®d and 
fiit«4 ia 0paf III m€ iill«a*i®«la li.^ i*«#p»@1i:iir«lr, «t pr«3» 
131" til# 4i®3Wii*a9»al testyl iil.®«li®S, uttl^ed (43). f©r 
•hist®l0gie«l illAti. *#t®. itaiii#A witb 
m€ fQw aftiiy with ti?©ii*feiwat©-3t2riiii, fdii*' 
%%m fieltt tet tfei# 
w« III toafl# fiiatlCJa f®i» %M itm% ®f wit©* 
(4.3K 
mmmmmtm Mmmm 
Qmim i@rpho3 ©iitai .a«gp©B«®» 
•ftt# inlfSAl r®ip©ii#« f««ti of mfhrnm^^ ®ati and 
m&i%$ f@ tipwtiiist witfci II is thi &f gr©wtii ©f 
asi mii ©tewi af'ttf 
msik$Mg ®«#€g la m i«lmti9S ®f m aft®r plmttng 
®at© a smtestrat® wtt witfa ttei« H Iiiiir#a«» 
.lag tb« e0ft@eRtmtl.ta ®f m %mrmm9 tM intollJiteri' @ffmt 
iflf,  IK At «0ii©tiit»ti0R$ tf 0,0g$» O,0S.|  and 0»l 
%mp&mrf toli|feltl®ii e# mtM mA 
li©ww«t*, mmf wmmm' and •«!»»«*. 
qmmtlf frtwaktt mim is »ppar«tlf' aer# 
mmrnvf ##«wi at Iht §.t f©i^@«jit MS iw®!. 
.i3£|>§i«p# &t mlt t.tort« «p««isi at 0,©i8 pw@®iit 11 
and hi^9r mmmtmt%.mM pw^mm iahibltiea a»t 
f»»tt wwm mm t§ t&® '©fftet ©f 'liH mm tto® 
f#iwlfiatl»a p«r@tatag# ©f miM$, mt mA s@fb«aii «««4is* S«®d« 
w#p« f®^#4 «t S® Q* in f®iietittr«iti#a» ©f ©»00,, O.Ogi, O.Oi^ 
oa m4 Q.3 ptwiat itlmflea* ©# li,* Oat® iwi m«i«# 
mm f0«k©t f@r 4S Moiir#^ s#yfe®#ii« fo^ i4 ii©®ps» CM# 
®«®a® ©f ®|5.«#i®® wem tti®4 at @aii0#iit»tl©ra of MH. 
Tk6 ®©m&®€ •««€• sat 10© mi®afe#€. ist®ts mrm tb®ii ftjlXti iato 
pmp&» m& pls@«A Ir m iO -• 30^ i. fte»®« 
fig* 1. t&w Oat seedlings sesren days A'itm iil«i,iafj 
i#«ti 48 li©ttrs in m%w m 
ia Mi iolmtioifit at th# 
trationg. (0.3X) 
'mm » lai«® s«®aiiiig« •««¥©» t«ri afttr plan-f-
iag| sdetd iiowi is 
or in MH solutions at the 0tat®€ 
oentrations, (0,3X) 
%#tt« pom » soybtaa f#«filiftg« t#ii iaff plwit-
iEgj s@«€« pr@»0alE®4 2^ li#«r« im mtm 
or in MH solutions at th# «tat®d ©ea-
oentrations. (0»3X) 
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fjtm# i. Analyses mriaat® ©f g®p»|aatl@a @f 
soaked s@eie« 
d.f. MJT 1. £&: 
R^lit&ti©ss 
fr«ata«ti 
Kifrnf' 
.3 m,.4f 
4 Sf,« 
IS 4®,51 
2 MM 
4 
§ lE,,8i 
3 lt.?f 
4 m,m 
m ti.os 
la a# tA«.t i»i th« F mtms ilptifi^ssf, ,Sji4l@*%liit tl»t 
thw« n&i a® #,fe»g# ia girsiiifttteii pme^mtrnge t# tfa« 11 
@t»s«tratiofls mt«i» 
.iays «ft«r #&tf with o.l and 
O.i ftjmtat M» bitft ili&ttg l/S tt I/IQ ®i leaf as m©«# ®f 
flaati, ##3,»@ptile 9lQ^%m §l0wly,. hmm»» 
Momm^t tki&km, mi rm&lM9 Attlili to $Qt&w* fht #ii®l©sM 
pXw^® •&t f*@ !•««¥•«» pf#wf m&m »lmly tlmn th® 
^iefe fhti-i i»«lafiv^y «^ty, 
m&% gmwtk #f #at« is sis® mwmglf r®lar€.®d 
m inhifeltfti at @#ii##str&ti©iii mA ©•§ IK, 
Mt smm i»yi tfe# i»atl@lt ii.l/lt 1/li Ifc®'Itngtli «if Ifee 
-©f mWmtM flant®. Spinal .w-tt *r@, m 
Xtmk^Mg, smt ao i^tatoy •«• Mftatitlew dw&lop. 
m&f mm twtltp it tli« tmy tip Ito® wttiol«» aat 
1tei» if ift simrp mmm$t t© tk® mm^l r©#t 
SJI iteit'to tte# 4«¥tl#ii m ®r aer# 
iwm til,® tip, fh« lowift #f tfe® wq&% tip ^ttm 
^mmm smmhaM tii«' «^^p©tet®a m©% 
®ap, fhm« i*0©t tifa latm %mmd atfiwiti®. 
laint %e mme- %&* m%§ t@ 11,» Mtfe jr®ip©ii,t 
in a simiiftr §#¥«» •tayi mftwr gerai»®ti©R,, th® .ib©®t 
0f «ai8t ^ilfe o.»i aat O ^ t  f ® m m %  , 1 1  i» stiart, mtttt 
1/4 m Img as ia ®hit& piwiti. ^, fhi It g©»®irtiiit 
tlai#l5t3? tlmt ®f fit# oontpol, ttow 
ttiat til# iistal p@rli®ii tf tte i® la %h0 
tetnl i»efi©«| tli« fif« emiAs^ Mmrm V9min rtlafivtly 
4iT®l.©ptt, m€ m nm Ituvti mm fi»@€«etA Awiag thii ia^ 
t®rval„. fh,® %w ii half m l®iig 
as tb# 
tfci# fmtiali mat i^«iiiiial mim tirrtlop 
ilwly., aai §mmimf sr« iasMimg, Sr® ratisles «:*« 
aljomt 1/0 to M Iftiif m m^wmAt l®©t l»ir« ai*@ %m$ 
^mmiAmt thm la tfe# tli« r©©t taif® «Et«at t® 
tti# «:Ktr«»» tip ©f ttof i#a# of tb» Tm%. %lp» «*« 
tmlfeons mi, hmw% a, $h&Tp tif m i» %«© 3?t®t tipi 
•ff'tataallir iit. 
Siirtu toff iift©r trtataiiat witli 0.,1 m€ 0.,i 
growth ©f tilt #©3rfe#sii i««tlinf is M#h Mftl# or 
fl© ®l®iipiti0ii #f til# ©f memBrn Sit plw^-
ffiml# wm$kim§ $mll mA W' setyltd©®®. 
fke witi?-e&t«t plaBti- &m 4 • S ©»,# tall ml 
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Fig,.:-. ;S4 L©ngls^-%l«a :§f • sitii# IP@#t tif 
fig. 4, Longis«ctlon of oat root tip twm i««tling plaat 
smrm 4ay® s#t#r planting} in . 
0,1 peroent IIH, (58X>. 
Fig* i, liottgii-eotlon of aai*# ,p»@t tip fKw ®««ili»f plant 
days after pl&tttlafi •#«»€« in 0.1 
MH. {58a), 
n m 
ft« f«riM«B 
Id 2 r##* mp 
W-« mmn 
X s iwfwi i^liB 9%mm%M 
-17-
rif, «. Longlseetlon ©f soyhmn root tlp^ (ISI) 
fSg. f, hm^Umtim of fiorbtM sr^^t tip ft?©® " flAiit 
p«3?©«it m. {BB%} 
i :# 
fl * f©rifel* 
fll © 
^ 'SI t®#l 
% 5- ®atW3?® 
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-©lis §%m®k If fix toy® afftr tirfatstat 
ani is -ftar®# « i&sktttg ii% %®a toys, m ^mmh was aetm 
ia. r#©t tif.« m tr«a|et «&iit ant ©ali. 
ffee ttwisal m$lm th# reet tif li ant as . 
©jslidfget ms th« 3rtgl.#tt. *&©• 
mtlatiSB aat §#1.1 mX»wgmmt mmw§ la the ©sl,f]pti*©g®ii, md 
la tilt e#ll» tJh&t lulttat* tli# tt3»af&g®j|, p&rMm 'and pi«3P-
©at (Fig®, 4, S' f), -ft# Bke^p^iMte^ m&t mp ah&m r©X-
at-i-relf littl# ©liasg# tmm .sltljdttgto ©.Oftiidtraljl® 
©fll if mMmt, 
iMf m&t imim art pr#te«i. to ttet tM ®f ttoe i^ot 
flp, fhem m&t hairs appear t# fe* m Imgew tMsa thme m 
R0m&l rmt$ mm la tla»®%«.i»,, pmltim^ It 
miqti® «la@'® rmt Ualm ®f thmw spmlm immmll^ m@ 
or mem hmk fmm tke tlf* iea® s&set, wet 
faairs »g prmmt t© tlii- tip (f.lg* 4)* ^.t tmt 
tips fjcliitoit tliis rnh&mmX m^t la.li' i«Fe3L©|i»®at t© m ga?@at®i? 
@xt«at th.aH 'ffiilE® ®r 
mittulftif' ©filatti* ©r o.f tn® tr«t«t :ro®t tip 
l« alg© #f *taFity, Irj mQimml 
roets .i» mc S:^ etfitlatt#^# teel: iitm tlie tipi Is 
t© tk» ©f tli:« tlf .®f ty®at.0a «.©©€», la 
a.H sp#@l®s,^ .»atW'« m& 
with l.l^lfl«4 sssmtof ta,toiE#Bliii8 feltTt ¥##« fowt witliila 
0.1, m* ©f tk# t.%. at««# »atw»« Tftitttlw a|>ptar 
iitiwil la 
ttff this staff ®f liist.#l®gi0itl 
tf hitvi a# ftsMial tiism# ®ai mm dit. 
firti iriiim®' st&g# «f mmmsis lo %M rmt tip# .|« tk® 
of tfef fipotopl&ft a»i #f tfe# ^©©11 will# 
®f the mvtimt <9tils. ®ilS' prMm®## # esfitgr 
th« ^.|4«rs«l «@lls. fli# 
f^lly 'feAg^f llgnifled tt«lt p-«JE»si#t'« Mtd 
p:r®|«<it« |»ft tfctf #iiV:S.tr» Bii ^S.4«i»al t#lls @-&lla|>«« aut 
Wmk d#i« in tit# fteftl 0i mmwmU, 
Wmf &t 111® tmm ia %U® .stmiltti fsaPtltmlMflf 
fife©®# at lm%p 4m&mtmti0m @f M, a© »©t 
tlifi# gmw m&m&lly., mXtbrn^ 
mme 
Mlm0 mi mtw Mm ©ittati^lly fiailsr skmt d®-' 
ffc»y will %« fto® 
•.|i0#ti .®f sail® .nMd @ttti yilth 'aiid O.t 
Hi-iir® flieiPt ifc»t W0$A ®»t ®l»® r#taiNl®t M 
m® lBer«ai® In l» &i» I# « f©s«l ®Bl#Fii««Bt 
md irs#m®latl@s ®f ti® t®ll® #f tte® ®oX®%tli®, s®ffiiaml 
l®®*®i, 8t®» Had ^wliig m@i® ©Fg&as 
and ti#»tt®t ay® s#ii«id®i»aMf ^ tUm atimal, this e®ll 
»ilaj(*g««t Is a®» pronotme®d mM In mm, aiid tli® 
e®l'«©l>lil®« ®f fl|5»®i.®i e:^lfcit ^^'Sater mlmr^mmt tteaa 
til® #tb®r ®2rg&®« fflgi, t ^ ll'K 
flf, i* of etm tip ©f m% »«®41iBg swtJi 
d»f§ after plaatiugi t#Mi i>Ftio®k®4 in mtw. (58X) 
fig, t, Longisection of stem tip of mt sstdlinf itwii' 
dayi afttr plaatiisgs «@®d« ia, '©,1 
W, (ftSX) 
rig, W4. Longiseotion of stBm tit> af aaize 9mm 
(SSX) 
f'ig, li. tongl»m%lm @f it®® tip of wti2« mwm 
Mfs &ft@a? plwtiiigj «#e4f pri«»S0ak#i. ia 0»l 
peroent MH. (58X) 
A m «1« &p« 
0 z ooleoptil® 
U» » leaf priB©fii« 
1 ftawb 
f s. ,tiia#jp-
f s aatur© tiiim® 

i© Imt pri®oMia &m pm^mM fey Ife# spltal t@a# ©f 
trfat«t flsatt teisf ,th« •«« A&fi sft-W' ^laatlag, la 
&Mt$f ©illy the tm itwinal Imtm ®f tJit aatmi?® are 
pm»mt {fig. t). Ba til# iaiti»«at04 plastiags tbr#® ®i» fowl? 
Imrm &m prmmt-, @ft« ©r tw© #f Imi fettn pi»©€ii©«a 
aft» g#w,ia&tloii, Si# fiwt «€ tlllei* primQr^im a.m 
pipmmt 1» tfa« eUml& flwitlagt aiiS mm &fei«at la 
tM® trmtM iFif. i)» 
In a»ig# mlf Ih# fife $miml leaf®® ar® pr«* 
tent at @mm tar®, liiersai mmtFe&tet aslx# •©.tilings 
feav® iiE ©r s®T«a- Imtm, f»' tMr0® aslllapir prlra^ 
®Mia are pr«s-«irt ii tli,® aai mm@ ar# appartiit in 
%h9 t3P#a%®a plm.ti (fli. 10, IIK 
1^1 aaematf &f stareh »« prtsettt in ©at 
and !a®l2» »t®^lags, fartieal»ly la t^e ,@#l«©f>tiltj tJi« 
l®mT©«, mm mt tli# a®t®s* ftoer© is ©o»-
sM.»ittoly, a^F®' ^w*Bm% to mil t&s par«o@&f»®t©«Hi 
mmm «f ttot #h0©t» s#lg« mat Iwt It is ton-
©•tatraltd mialf ia ths l«ii«r ®f tlit ©©It^til® 
la th« st®a IfiiS, t., Ill* iWtfck t«t®«eia&tidas saa# 
with i©titt# ftiii with ttoi# nm ®f .f#isrisis.f 
fb® j»«ip©st« iif tliS' m«t«l&r iy«t« la tli« st« it 
«lailM» t® that #f tfe# wmtn, »e provasttilar ^i#hi 
mm pm§m% to tk# mWfmM B%m «!§ 'Siii. »pf#»€«gfs ar# 
.all aatmip# at 9m%& €sfs in tJa# treatit flsatlags, l«t a© 
&m mm mm- dlmmts liavt mil 
imamlar m spiral thiokenlsgi aat %h® 
Mm pitted smmMpf wlli, &« ptoatis 
is la wmylng @f ^ tli« m% Imf fetiatl®#, 
"Imt this ms a<>t n®t©4 !»• m%m, 
ttf @f $li« 9tm *aA •pimmle &i mfh9m§ •treat®# 
witii 0,i wit Q ^ 2  p 6 m m %  «l $s r«fai*4«t (fig«, ig, luK flit 
©f ti® ptth i^f mrtm -ttit •ttfiiirg# ®«iiiii#rgfej.@ 
».€ i#fi, m t# th« #f tM Imi • 
pr%mm$%m «t 4#ia#^8toap#i a$>i@al awistftt. '9km plm&lm 
«l® «t tetstir m a rtinit <if thi« •©til 
®xp®iifi©ii. 
fm &6.f 9 mf%m gmm'imtlmg tii# ity^iaa plaH'ls 
feairt mlf tk6 tm glmpl^ plwm&m %mwm m€ the. 
tfe« f,i3p-«t trifoliflit.# %mi^ all @f ^Isfe wert ipr®s#n%. i» 
tii.« m ft^lllary me at %m iajpt • CfIg. 
1S>, In tli« mnt:P$at'«IL tlitrt m-$. 4a ftMiti©a 
tl»lf@limtt l^v«a ittit.ttew #r f©tir «illai?y t«iA» •(Fig. isl, 
fli®. iafet¥it»' Ht# f©i««ti#a @f mm l®af 
pri«®s»iia «ii ajsillftfr tering %k» t« 4»f$ &ttm 
m&3Poh it pr«««iat in -'iamil fmaatlti®® is tk« pmrmeh^m& 
&f the @lt« l^vii aai, stm- MMmmitm t» wtj».ist«4 so|s»^ 
hmna^ la tr$at#€ #6aili«pat>lr ttweli it©«aa«» 
!&%«» ia etm aat Imf tlMmm-,, tt# y©iiag««,t 
Fig* It:#. Longisectlon of stem tip of sojrb^a ittiliag tm 
tojs plantlagi teeds prt-i@aked in 
imx) 
Fig, i§, Longisectlon of stem tip of soybean ittdilili tm 
dayi aftti* planting|: s®«dg In 0»I 
peroent HH. {58X) 
A s #t©a af« 
m m axlllai^ 
m z epldemal 
W m lmt.pw%m§r§,km 
s X 8i»®li 
® » flapl# pwMmrf Imi 
•fL » trifellRt® 
fa astsi»« vascular tliim# 
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f8®ai4a§a If tot t© mlmgm%n% &t tlit 
©®lii mem in t&t mmmt mWfo-;. fto ©©lit 
eaimrgt mill tlity about %v%m m-mml sli«. fkls 
Xarf«i«ii*6 ia the @f ©tili mt m 
in sprnm^ pitrtisalarli* in tfa© mTpm§ 
@f th# mpm «»t M tlii #©3?f« tf ©M#r rtgitaj. 4,. S, 
f, i, tl, W ) ,  
a® t@flag« wy Ir tliss#' tisttadta 
ia »ay&i4 I® tH# 4«i# tytdplag® in mmUtm 
iiatiii 0f untreaf'td aiitliafi* fk# W0a©i»i my fe® 
r«X®ti*ely tm %m mmhm «t mwf ©if they to® 
i«a®r©ti« iuat ^^©ytitsately f«*XX, Stt ©f tli® 
#yt®pXs8»..| sii$li m ,p*ainiXaa?it|' «»€ ilsiimMXltyg «•« not 
visibXy itXtti»®i« ft® aw©!#! «iX»i« at 'mmh m twi®® ii®wi«X 
ti®att®r, %k9y #%aia Xeis wMIXf aad mm X«s# t««® ia 
ap|>®ai»aa®® thaft a@»iiX iimol#i* 
Warn mitmi* l» m»m^ ia mt mm %ips, al»iM»tiiti®» 
©f th® prettss hmm^ #rii®at, fb« 
fipupt® In twmteA @&t» i» Imt. ^ tiagX# 0®®$i@ii ««0fa 
as tliat .8te®wi ia Fig. t mmy kmm ©ftXjr m0 t© iim ©r iix 
ait©ti@ figii^ti, tkmB my ^ aoae, i!^«r®as m »®@tioja ®f 
ail iia%.if#at«4 ©at Hip «©XX®©t«« at tli® ««»« t3«® »ar 
hair# fi»©K W » 40 fifiir®s» 
Fi»@pliias® fipire® i© »&t ®toR@iaaXiti®s ©f stm©^ 
far® tetfcs^i©!?* AteemaX &bmmmm6 fefcvitr hmmm wV 
-so-
•tisli astapfeas® aat m l%tm il«g«a (figi, i4 - ^5, Ir 
irrtgwlai? 0iPi«tat|@ft aat ©f tto# 
^kmtm.§mm. o«-ewi# wltfe mtlwe tferosos^a^s aat fr«g»eati ®f 
»eatt«P#i alwf t%f spiuilej m fa?#t ia tb® ©ytt-
pla«» 14 • li, ^ • gt| 'at)* • «all 
««1 fif« th# fiii.g®« twstlom tw elirofflatia.,, 
m§L #f tkm i# Bm% m% 
TMW oft«i Imt t® atttaaulate in %ht oytoplag-ai ia tfe# 
ti»«« «fiti ©f tto,® mtt (Fig. 20),. fftfy t«g mai" 
twm tfc« plat@, thi g^latl# aat out 
$m& Itet ©ytuplasa- CFigt^ 15, 27, 02, S3)» 
lit laapimtt, » mtlF® ©.lir@®#i0®#s,. ®a|r 
l«f m tfe# SflJiilt m mm€m into 6h« ^yt&ptmm iWig$, IS -Sl| 
.30, m •• »). Brititi' %mm tmqmmttft m& mm 
rsith^ aa»#if m wwtf Cfigi,. gl, St). In ioa® 
larg® »»§«««• «f ohro»ts#*«i ;wf tot l«ff at tfe» •»®ta* 
pfeaf® plmtt (figi. 19, 30)/ asi" 
@ofar, fw^mls# «€ ohroiaoits#® hmm« &lmg th@ 
.iflail®,. aat m p&t&w p*®*#.* Mm Iflg., 18)« S©»# 
•auelti i« lat® anaptes# (fig. •I^ai'g® 
.©f Qlarmmmm my awaj fiNs® tte® f®lw grompi 
aat %mm« twm. ®f tfc® spintl® (Fig* If). 
Mmj si^roftmelti in t«l<ipl»«.®, &si#®iat«€ *itii 
frag^ifit#.^ tlir#a©s@a®i,, «€ aatita #f A 
®®11 m@^ •hair® aiorenuolei .«€ a w«l.l 4«f,is®4 t®l'©-
figs,. 14 • M* of sltoiia ia lli« «%§« tip® of os% 
8®#41iiig8 f©«a* and flv® toys aft«f piafitiags 
@#«ag pr«-»»©ak«€ in 0,1 pwemt Ml, CllSOl) 
figi, 1.4 * 16. iletaptoftst fig«i»ss with fra^tjiiss mi. QhromoBomm on tb© splnill# «t tm® 
in the oytoplaso. 
Fig» 1?. l«t@ aaapiMB# with 
mat 8 lai^@ mm» ©f eteoaoiQats frt# fmm the i;5>p«r polar 
fit* M. teaplias# frapi«iitati®»,.' 
Fig*. Aiapto## wltli a, largi »»#i ©f ©fci^a©*^ 
i@«»f lift tfct 
fig. -20^ teapiiss# witl 
foMlng i» tfcf ©ytc^lasa. 
Fig. Sl» I*at© -^tli may 
Fig. l*t« l«l©plias» witta feridgee pm»8ii» 
tlftg afttr f©wstl©ii Qt Iht oell 
plai«» 
Fig#, g.3 • M, SttS #f iffdtiMtsii, 
Fifs, t§- •• gi. lultlnttelfste ii#ll«'» 

Fifi, 2f # m* «f altoiii te •tto® tttti tip® of 
fw fi»i ftv# iafi after plMtiati 
i#^g- to ©•! fei?tent MH. (620X1 
f%,: if, letaptei# with fr®g«#iiti m& ehromo* 
soma® free in the eytoplasm. Mote 
Icasg ^hr&mmomm extentiug fwQU the 
plate. 
M* Same as Pig. Zf at a different fmm* 
mte tw «ttlti»wie«te ©ells, 
fif. W* leta.phaie with in the eyt®--
plaea. i©t® tm »altiiittelt».te ©ell®* 
Asapli&ee with a large maii 
ohrbmosoiies left at the plat#. 
• Fif. ^ Mmph&m with ia th# @^t#*» 
Fl§„-  St» -wi th  f im^pient i  $ , lm$ the 
ipittiae. •• 
fli. 33. Swe as fif. S2 @t differtat fooias. 
One very loag #hfoii©ftoa@ 
f^m the plate. 
ftfs« $4 *• M-* MB.pM6§ figares with f^mgaftati. Ja 
the oytoplasm, 
fie, luitpha## *tth a wiAe fejflig# m€ 
nenti* 
fig* Late mrnphMm with a ff-agaeat €in th# 
tpittfile. Wmte the o#£x flate. 

piiafl® ffif. tl). Sritg« #ft« 
Win. aftti* %M mil plat# h«ti (fig®* If^ 
22). imeltar mmhmmm t^m «pound fto® g3?®«p« la Imt# 
ftleptos® (fig, tg|., fM i«ll Hist® %m a mm&l 
mmmr fm& thM t^tep »f %k« m€ •Et-^da 011$^ 
w3?4-.. •%« anlliaatltat# i^li 
©l0i ©f fajpltrnt slat® (ftfi. g3 • ti, ti^,. 
th«. ©f' 
•««^lai« s®T®l®piiii #r#a §«•«€«• -Irtattft 'ifeM® fm'-
#1 «p®ri»e«t m$ t® laveitlgat# tk% 
»ttmts &i M 0a tiiittti $bAt w®i»# tmrlug itslift 
gpwili, Sf.@ts #f 0»t0 mi w$m 
m w@t hX^ttSMg. f»p«» mm tmp^mtwm* Wim tfa® prlfflai»r 
TO®tg: war© stbmt tm .in Imgtte, fli® s«ed® 
larMsfM $0p»mmtl@a &t»m%9t§ k«pt nt O* mai ©©a* 
t&tolRg hl0ttw§ 'mt with 11* 0©ll®iti©»8 of 
wmt lip,® w«i*,e 0* 4, S, 10 24,, 4i fi ,lisiirs» 
itt0it«t« ©f laitoti® fifurtf iji* 
Mt&iiig ©©uttts tf all #'«lli la @ 4^X fi@ia, @ii tipt® atja» 
@«if ld»fi:i®dtl®a8 At %k® ti»tal «si «i0li of f#«Qf rmt 
tip«, fii# data »fc©irti M '^ll® 3 «it me gpspfeteally 
ehQwn 'ill Flg«?« 4f • 
faliii 3* WmT^m* of Mitotic figures per 1@0 ri»®l tip i«lls 
sff«r exposure to 0,05 peroent Ml, 
•'•'lows ••• ••••'••'•••••"•• '•'•••••'••"•"" 
«is®iMr« •;,; ' •' 
0 S.iiO,76<» S.,o*0.4f 
4 S.flt.fS t.i±o*4i 
1 g,r#.O0 
It 0,.Si§,ll 
14 0,1^0,04 O,8.*0,.14 
m 0.0+0*00 O.giO.lS o.at0,oo 
n §,0'±0.0i O.O^O.iO 0.0^0.00 
• ftaaiarH mrm with 3 A*f* 
At tU9 ti»i ®f trftm«f«r;t@ W, ro@t tip® m 
atoi&ii®# ©f ©itotif iiit®«i« 
#rtaf#t iharislf tfe# first f®» liwe iiii€ @9iitiiitt'«t t® 
©r«&s« i^tit Mit#t|@ activity wst itepp'tt hy M @r fg 
ftOwt* 
Mtm I# Ml f»r four «r mm %&w$0 ait®ti@ 
irr«fti3lariti«f were s©ttt is the t&r®« 0hr©»@#©at 
©#f*irr«t ia mlm .asi eats tet s®t ia (fig« 
40-)ft® l»«fe«t*ior &t tb« ®liLr©ffl©«©ii«» fr&g®#iit« ii 
isr t@ that t««:#ri^^ f®r #&•% •%« tlp«» Mt feresJieag® wa® 
»®t as frttaiiit.. w#rt ftmt a»t t«l®» 
pto«#® «ly inmim I fit*. 4i),^ 
-a?-
a (H 
•OfilTS 
60Y8£P/V5 
Tlfiize 
Hours of exposure to MH 
Pig. 47. Effect of continuous exposure to MH on mitotic 
frequency of root tips of three crop species. 
m 46. Mitosis in root tip® four homps mftw tl»aii#-
f ©r of geminating eeeda to Mat­
ters. (BSOX) 
ftg, »• 
f%. 
' Fit* 41,. 
, figt:. 4t - 44» 
I 
I 
^ fif, 4S, 
I Fig. 4t» 
Ittaplass# »ith f©i»«i8tiaf 
nuoleol«s ©xtendiiag fi^ia tiit 
Another ntsioleolus is out «f f@©«s m 
the other side of t^@ plat#. 
Mail®. fwQ a«tapl»s© ©a® 
figtire with a free olaromo8»«^ th© 
other figtire with a large fWiisting 
ntaeleolus* 
m%:m» ' A»apte«# with tm l>ri%a«* 
So^btaa. M®taplmi« figur@« with p9ip* 
sisting nucleoli. Hot® position ©f 
soil# Eusltoli at th® 
Soyfetan, Latt aaaplut®# with ©»« 
nueleolus at each p#!#. 
Soybean. Late telophas®. fhe 
nucleoli at the poles art exclutet 
from th© daughter nuel®i» 
-39-
•"*40* 
Mtm' imm ii©»i #f ##®t tif« %q m^. 
fS.pii»«i ia Mii# .wS ili©w»t tli«t tli« mm • 
@ffi» fttftiatd tto,r©a^ %h® mtim rnitmiM. ©fti® CFigSf 3®, 
•40, 42 •" 4«|.. few t@ tewi &ft«r trtittsitali About 
^ «f th® Bltosts'lR, wiii®, aat 4S « 60 
®f mitmm la »©y%«att« f.ti?iigtlisg fMtr# 
oay i»« #a« m twci pipmrnt^^ hw & ©toaog©®# * 
t© ffl#litpfeas#- fisi#,, eip' wgttaeiiti sat fwm in tli® 
plats., ®i* mt tfe® aar mppmf twfeeil-
.iMftA ant lis p.®i^«iidi0«larly »§.ip©is "Ito® pMt® «iit ai3?@®t®4 
tewrt tfe« pelts, fii««« mmlmti mmj %ii« %vmk l©®se ant 
t© ®i« a«li9Mi? ttais mf -^m f«tii 
til® gir@tip», fewtof m "mm#l®@lar" 
ferltgt, .l©i»« h0ir»irtr, .bi»1«@1I nt th« 
p@l,«f la m'&§ims6 «wi ttltphai## Hies® am«l«©li., to 
a0t glT# a petitf^l,ftrt ir«&#l;i©«, ai^tar t.o- to®®©®# ' 
»wH#.r aB4 mwpmvmtXf ay# tlstel'^tt ant tifapp»sr tot® tte» 
«yt©fla«», i@ wl^li ««»» in ©at i«0Ot 
tips. 
M«a»«r®s.«afs *«!»« .mat® ©f tli# ^T'tlMt ®r tb« iiiidl«@lti.i 
ia itlls %© #i»li|i.$r a ttoattgt 
0f vQliaa# aiseemts t&T th® p«riisi«@« ©f tli« •'wmtlf®!!. ft# 
iaiss «•« $ivm is fatol® 4# wt wt rgpFt«tii.t«t ®raftoi©allf 
la figttF«s 40 4i. 
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Fig, 48. Effect of continuous exposure to MH on the nucleo­
lar volume of four tissues of maize root tips. 
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Pig. 49. Effect of continuous exposure to MH on the nucleo­
lar volume of foiir tissues of soybean root tips. 
fht nmlmlm mlmm ia all test tip- %%§mm 
tfc# Tm% tap 'iMmmm Mhmvplf inPSsg thw te©«a»@ &ttm 
pmwp* l0 m, lli« fltwst am©l®®ll @#af inm® 
t# |ji:©i»#a8« #»t #f ft :ii0»s, la th® 
$k pmM. %9 foxiowtt la f«iir«ral, the 
ia«fwi©, tii smsltelftr ftlw# ti la mfhems thm Sa 
m&im* 
, StA»fe te «&i«i ®A i©|rto#to. rttt tip« iifttr 
•xpoiiii*® t® il« la aslgt j?##l lips ©oasiStralil.# 
iturtli if ^tmmt la %&« .©entral f«rl- #f tli« tap juai 
less staj?©^ is la tlii pith* k 
X®Fg» i.®ow«liiti©ii &t gtwii aft«r %!•«»%• 
builts ia wt @ai^, i#rt«K «st pitli, m&, tmMhm 
a ftalE thta tiffliaiali«f 
ijiitil a®tt# i« ,pr#s«it mt fg to0W.i» i?##t tip# r»*' 
sf©a4 ia a ®i«il«p :ii®aati?4 3t««h it is tli® r@#t 
mp mi. %m%m @f soyfesjtn r®@t lipi. iwb stwli 
«®0ts«ttlal;®g afttr -irtstaiiit# m ptak at @i^t h&ma 
and tliw tiiiiiiiilits HBtil taly a tyat# is pr«s«t at f2 
H# »t$mh waa a^tti io^ life® mt r©©t tipi* 
'IxttasiT® ««l.l «wlari«i«att tM« ®f m&t 
hair# t@ til# fxtr^a# tip, 'pmrnQlmm 'i^sseiilariEatioii 
0©at ©vitttttp t.i«ii«i» t© tfe« i»e»p.®iii@« @f g®«ilings d«v«l-
#piaf fro®, itids t^ifttet ^iit 
DISCOTiJOI 
priSflit riptrt |i ia ittfeittttlsti nitU 
pmpms tmt 'bmv^ 4@sorlb«t i#a« f «»t«p«s ®f tto# 3p©sp©af t« #f 
plm%s %© 11®!®!© 'tertrm.g44# |i, gi, i$, 4iK mutMri 
ha*® r^®pt«€ th« ate@r«al thltlifaiaf «f #jpgto» of trtatet 
plaat-s toy «ai fft#m@1.at4©a ©f ©tils 
(ll, 34, 4f>, i©iitir«r., tM."! trmtM 
fistiii Tm% tip# liat iMall ©iili «e4 tfefimltu ami®! 
Cf)» »« slw«|r ite« ffctw that &ll tategerlt® ©f 
•®««liag ©!»§«§, !.#«*««,. s%m§ aat wmt$^ •*» 
hihit an. mtmgmmM laf mtmelati®!! r« sDont® t# Ml* Ofhtr 
MkmimX &gmw me 'kaem tt s3®il» {IS, 
I?, at* SS, 41,^ 4i). 
tilt ppistEt study supports mi «i®plifi«i a@t« 
that #«©»« mtmmt I© tM root tip 
aft®3? tr«®.t»^t with tt {7), m»mlsr 
i® wmt tiff has hw @th» mtMm 
usiat agtats a^tlirt mpta awist#m«ti« {16, 33, 4®), 
?r®€0®ie«ii tlssft® tlff®i««timtl©a rtiultiaf fron Mh tf^t-
mm% X# it W hftt**# t® th# «ii,t 
©f th« ro©t,| aat hf th# h»Sj'« m th® ^rotaii^cst 
leaf firl«#Fiiiw m th# apital sofhtaii-* At 
® i»«0ul.t ©f |ji»®t©«40u» th# •sreat tips and 
@tm tipi haf« m Tmm%m%n§ a«i»tft«iiti# m m©r« 
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m&f to# trnftog iat-®i*pMai-e ^ 
m ga« ^m %Um9 &gmta ®«a$« m Wmk»g@ #f tfe® 
0i3P®a®i#mt to«»A tteomgli s#»« pi»®lti8 tibm^ ®iimt Ci3).. 
flis ifei>0ffl©i.@a# tep®ttegs, liy II »l#it 1s« itt® t© a •lail.ar ta* 
tf l^«a€, ©r tht 'hwmkrnm 
«af in® t© lit# gt4iik|».«is &t th# ©••fai?@®08©a«»* fb# 
iiitss aig&t fee eauiit %f ©f tb« @to?®s©s©ffi« 
» t@ » «#•«§ mii, 0M-rgf ©II tfef ©lEi»©a0»' 
ioiitt Cl.3)» 
fiit p®rsi#t©ii#t #f nuoleoll as a of,!« trmtmmt 
tm» mt toetu l@wwtF| of 
ii ©f mmmm Efttiir®! ##§wr«tte« is s wia« mag# of 
plant® isslttiliaf rn^mm, tmuB ant aaiiy ,flow«^ 
lag flaati {It, a, it,, gs., 44). ®fet iittot'S.©? ©f til# 
am#X®®Xl it t© tist ant iow®a. la 
giii*e'igii-j|,te la), fcr f|l@ la i®iM s«ataai.ga |4S), ri«®li«p 
tfeat til# slit #f s*flt®lm« i& inflmeaetA hf TO*. 
tritiw, it fawit that m ti# f®©€ t-wpplj i» rttrntta, tli» 
nwltslar &m& as twfplr iaerwiea tli# 
@iil®rg« Clt)* .|a«r#at# iM iiii^lt#lar t®1hk® 
itt tM pmmmt «tm€r aai" ^mmlrntm witii tlie 
a#@wml®tl0a @f 8t»i*®ii |i tM wmt $if«. 
tfeAt Ii# sii#lt®3.tts i« la «f«ii.li^riw 
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rtspeiwei ©f fltittliigi #f mpm erop sftelss, tati., ®®i«® 
aat i©|rl>«aa8,.| le oalfl,® liyii?a»|St (mh 
S»«ts ®f tkme fl«ts wt3ft stsfct^ 3a sQlmims 
@f 0.0'gij ©*0S,, G.,1 aai ©.,t f«?©®at 1* i®A W^' 
%wmte& s#®t« mT» m& then with »» 
»© .d#©-3f«ig« ill gimtnation tmm m trmtment, 
l$ut ii m m&^ m tw© iay itlaf i» g«»la»ti0fi» 
fi©#t ani grdwtfa li mA i»o#t gpewtli i» 
iafaibiltt B&m ttoa ah&&t gr&wth, ffe# gptwf^ @f mts !• iR-» 
bifeitei mmt, .a«l sat l#&st with tlis ©onowi^ 
©f «l ««®t. 
Aft iaereatf .In fit® ®#@ws mst mi plwmlm ©rgans, 
fhi« t# ttt«asi*r© sma .^Isyg#-
a®iit #f %M ©tli« ©f all @f tilt tfsffliag, &8#©#ist0t 
wltb m Inmmm M imtmmVtAm «ps©«, aii©l®l. ©f th® 
©ntoget mm ttat •ate^wally 
Ib tto® tiisia#® ®f th® .root, ®t®ia sat 
fht tissm#s ®f y©«ii.i #r^»« 
S@0ti aar 4w®l»f t# tii« tip wd imw^ rnmrnre w&&mlm 
tis®!## ap t# 0,1 -Ml* ®f ttoe tif. latw,® fa,s®iilar 
• m 
in Imi priiiwftls, B&fbmm 9tm tip® liw# 
en th® t«Ri®a «f %li® yomgfit Itaf aat m th® apidml 
fht ©f tli# 8%«» »»€ »#t l«is« iitrl-
i«it m& Am ttsimw m mgma.* 
Mitmls is .'iiihibitea If *I ^wmtmmt, Fmqmm@y of mi* 
t@ii« m mtimty p^wlwf lliifttt ij<©f« f«i»y qmlQklp' 
lniflBg •e^mm'9 il,» 
ti liw»# 
ai>pai».«iit» &m-vapa, Oto@a®* 
i©iies mi4 tt ©tooaoatats art «b tto® ipintlt ©j?-
a©ir« lRt@ til.® #ft®p5,af« *fe#r« tfetf t®m mS&rmm&l»'U Mmy 
art .iailsat# a .itl®lttii#®s ©f tii.® 
©ter0«0.i@®.®8. It li iwiftittt tfeimt tfa« &h»mmm9 
tef tuis t© ffets »1i,|©&ifttss. G|rf@&lsfsiji appmrw b® noi^ 
»al, .til# iaiglit®* 
fk9 mmlmlm w^lms sk&wply mftms? m treat* 
Bii® SM&rmm It t© m in %h& fm& 
•sapply @f tb# mm as §hmm %f st®mh utt^nlatitn, 
f«rilitlag mmXmlt ar« f#aai tlit witir# mitotic 
prtswaMr a ilrttt rt»ult ©f tii« la®r«&«-«i E«@l®0litr 
fJa®r» %* m #ii«yaft .ia aft#r .M® 
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